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S0 Overview

Introduction

— Background

CubeSats NASA's CubeSat Programs provide opportunities for small satellite systems
to fly as auxiliary payloads on planned missions. These spacecraft (each about 10 cm on a

L] L
P h S I ( : a I I m I e m e n t a t I O n side) facilitate science, exploration, and technology development, and advance educational
goals in partnership with universities, industry, and NASA. JPL's Earth exploration CubeSats

are designed to support Earth science technology and research.

Software Implementation

Protocols
— Receive

— Transmit
SpaceWire API
Test Software

Conclusions and Future Work B s et s
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JPRPL SpaceWire On CubeSats - Background

S

e Spacewire was used for the control and data interface

on a CubeSat instrument

* SpaceWire was chosen because

— fits the CubeSat size, weight, and power restrictions

— Availability of vendor supplied SpaceWire FPGA core and software device

drivers, SpaceWire flight parts, and SpaceWire test equipment

 |nstrument Collects and Stores data in flash

* Streams data from flash to CubeSat spacecraft

Copyright ©2018 California Institute of Technology. Government Sponsorship Acknowledged.



_JPL SpaceWire On CubeSats — Physical Implementation @
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_JP1SpaceWire On CubeSats — Software Implementation

e |Instrument software runs under RTEMS

* Augmented the RTEMS shell with instrument
specific command / response API
* Implemented POSIX threads for

—SpaceWire Transmit / Receive Interface

e Used Gaisler SpW2 Device Driver low level interface

—Instrument control and data collection

* Data is time-tagged with GPS Time



JPL SpaceWire On CubeSats — Protocol

* Defined four SpaceWire message types

Payload

* ASCIl text based command | OXFE | PID | Data | Data [+ ++ | Data | Data | CRC | EOP
<
N e

RMAP — used for file and binary data transfer

. . . 0x01 (
* Used existing well defined o offom the strumert

text (ASCII) data to from the instrument (stdin,
stdout)

/ response API

fo rl I l ats fo r )4#  Sampled Data as VITA-49 packets returned from the
instrument
m GPS Binary message to the instrument

— transferring files (RMAP)

— instrument data (VITA-49)

* GPS Time Message
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JIPL.  SpaceWire On CubeSats — Receive Protocol

/ _\/,I send_write_re|¢>lv_lf”ﬁ“="'5’t I
| Shell

| fwrite_cmd I Camemand TxQ
Qrocesso /
I fclose_cmd | / TxQ
CmdQ Transmit
L \Task/
File System ComnEnc
FE | FO | Response text | CRC | EOP
T SpaceWire Cmd Response Packet
| I process_gps_msg I

rmap_write to file

/R T\(
RMA} Data . FE | F2 | GPS Data | CRC | EOP

Receive .
\ Task/ SpaceWire GPS Data Packet
FWRITE RMAP Hdr
FE | FO command CRC | EOP \ RE | #d and Data GOt | =QP
| nd Data
FCLOSE RMAP Hdr
FE || FO rerRard CRC | EOP FE || O1 ]'and Data CRC | EOP

SpaceWire Comand Packet SpaceWire RMAP WRITE Packet
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JIPL. SpaceWire On CubeSats — Transmit Protocol

7 N\ /N /N

| File l'l "" Command | l." VRT Data |
Exporter Processor

\-/\ \_ / )\Exporter/
{ | send_data_packet I I l

send_text_packet I

¥
FE | FO || Response text |CRC || EOP
Cmd Response
EOP FE | F1 VITA-49 Context |[CRC | EOP

FE || 01 | RMAP Hdr /Data || CRC| EOP FE | F1
RMAP READ Data

I send_vita49 packet I

File
System

W

FE | 01 || RMAP Hdr / Data | cRC

VITA-49 Data CRC | EOP

a ™Q & | FE | F1 VITA-49 Data CRC | EOP
VITA-49 Format Data

Transmit
Task

FE Payload EOP
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JPL SpaceWire On CubeSats — Spacewire API
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* Abstracted the SpaceWire interface using a
simple API for sending / receiving messages

spacewire_init() Initialize SpaceWire interface
send_data_packet(len,tid,buf) Send an RMAP data packet
send_text_packet(len,buf) Send VITA-49 packet
send_vita49 packet(len,buf) Send VITA-49 packet
send_write_reply_ packet(len,buf) Send fwrite reply
set_fwrite_params(fn,fsize) Updates file IO name and size
write_packet_to_file(pkt) Decodes and writes RMAP data

dump_packet(buf,len) Outputs packet in ASCII text (for debug)
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JPL SpaceWire On CubeSats — Test Software [ixs1]

e Test Configurations

— Test Bench Configuration @WM“”'“““"“C“’““ A
. Operational System Test and :
* Developed send/receive tool to support v | | o UnitTest
the HW/SW development and test

* Star-Dundee SpaceWire USB brick and Generalzed nsrument terface
S OftW are d riV er Class Module Generichnstrumentlnterface

Sub Classes of

- Flatsat Conﬁgu rat|on enericinstrumentinterface
Direct SpaceWire st e Integrated
e COSMOS — cmd and control software, \ nterface Istument
Ruby test scripts
. - USB-Spacewire Serial Port Radio Ground Station
* FlatSat Interface via Serial Port Device Drvers Emulaton Radio terface
— Spacecraft Configuration VS paeire

e Ground Station Software

Spacecraft

Instrument Instrument
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* RF uplink/downlink to Spacecraft

Instrument

» SpaceWire from Spacecraft to
Instrument



JPRPL Conclusions and Future Work NASA

e Conclusions

— Early development and test with commercial off-the-shelf
products with good documentation can accelerate
development, integration and delivery

— Use of a simple command and response interface with
adoption of existing protocols for formats reduces the effort to
design, implement, document, and test

e Future Work

— Proposing use of SpaceWire in technology demonstrations to
reduce the cost, effort, and risk of using SpaceWire on future
planetary missions
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JPL Resources e

Email: Susan.Clancy@jpl.nasa.gov

CubeSat Info https://www.cubesat.org/
SpaceWire RMAP Info:

— https://www.star-dundee.com/knowledge-base/rmap-
explained

GRSPW?2 SpaceWire Info:

— https://www.gaisler.com/index.php/products?option=com_co
ntent&task=view&id=276

Ball Aerospace COSMOS Info:

— https://cosmosrb.com
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